Abstract. In this paper, we use the the Riemann-Liouville fractional integral to develop some new results related to the Hermite-Hadamard inequality. Other integral inequalities related to the Minkowsky inequality are also established. Our results have some relationships with [E. Set, M. E. Ozdemir and S.S. Dragomir, J.
Introduction and preliminaries
In recent years, inequalities are playing a very significant role in all fields of mathematics, and present a very active and attractive field of research. As example, let us cite the field of integration which is dominated by inequalities involving functions and their integrals [2, 9, 10] . One of the famous integral inequalities is
The aim of this paper is to establish several new integral inequalities for nonnegative and integrable functions that are related to the Hermite-Hadamard result using the Riemann-Liouville fractional integral. Other integral inequalities related to the Minkowski inequality are also established. Our results have some relationships with [3, 12] . Some interested inequalities of these references can be deduced as some special cases. We shall introduce the following definitions and properties which are used throughout this paper. Definition 1.1. A real valued function f (t), t ≥ 0 is said to be in the space C µ , µ ∈ R if there exists a real number p > µ such that f (t) = t p f 1 (t), where
where Γ(α) := ∞ 0 e −u u α−1 du. For the convenience of establishing the results, we give the semigroup property:
More details, one can consult [6] .
Main Results
Our first result is the following reverse Minkowski fractional integral inequality
Proof. Using the condition
Multiplying both sides of (2.2) by
; τ ∈ (0, t), then integrating the resulting inequalities with respect to τ over (0, t), we obtain
which is equivalent to
Hence, we can write
On the other hand, using the condition mg(τ ) ≤ f (τ ), we can write
Therefore,
Now, multiplying both sides of (2.4) by
Adding the inequalities (2.3) and (2.5), we obtain the inequality (2.1). 
Proof. Multiplying the inequalities (2.3) and (2.5), we obtain
Applying Minkowski inequality to the right hand side of (2.7), we get
It follows then that,
(2.8) Using (2.7) and (2.8), we obtain (2.6). Theorem 2.3 is thus proved. 
To prove this theorem, we need the following lemma.
Lemma 2.6. Let h be a concave function on [a, b]. Then we have
Proof. Let h be a concave function on [a, b]. Then we can write
If we choose x = λa + (1 − λ)b, then we have
Using the concavity of h, we obtain
By (2.11) and (2.12), we get (2.10).
Proof of Theorem 2.5. Since the f p and g q are concave functions on [0, ∞[, then by Lemma 2.6, for any t > 0, we have
and
(2.14)
Multiplying both sides of (2.13) and (2.14) by
Using the change of variables t − τ = y, we can write
Now, using (2.15) and (2.17), we get
For g, we use (2.16) and (2.18). We obtain
The inequalities (2.19) and (2.20) imply that
(2.21) On the other hand, since f and g are positive functions, then for any t > 0, p ≥ 1, q ≥ 1, we have
Hence, we obtain
The inequalities (2.22) and (2.23) imply that
Combining (2.21) and (2.24), we obtain the desired inequality (2.9). 
(2.25)
Proof. Multiplying both sides of (2.13) and (2.14) by ; τ ∈ (0, t), then integrating the resulting inequalities with respect to τ over (0, t), we obtain 
